Dagaa (Rastrineobola argentea), also known as Silver cyprinid, are tiny fish (< 9 g) found mostly in Lake Victoria, Nabugabo and Kyoga, and also in the River Nile. Dagaa are very popular food around the Lake Victoria area and are used for formulating animal feeds due to their nutritional quality. Harvesting of dagaa is a demanding activity and the methods used include scoop net, seine net and catamaran or lift net. The harvesting of dagaa employs a lot of people along the lake carrying out the activities of fishing, preserving and selling. It is therefore considered to be a very important sector for job creation, income generation and food security. However, the traditional method of preserving dagaa, sun-drying dagaa (SDD) is often affected by heavy and prolonged rains in Tanzania. The present study was therefore undertaken to evaluate and compare the processing of spice-smoke dagaa (SSD) and SDD as preservation methods for all-year round supply and marketing. The results showed that SSD could be produced throughout the year and had a significantly (p < 0.05) lower moisture content (SDD in brackets), than SDD 1.81 % (2.4 %). It also had an insignificant increase in fat content 14.9 % (14.1 %) and a significantly higher ash content 17.3 % (15.7 %). Dry matter content was insignificantly increased, 98.2 % (97.6 %). Crude protein was more or less unaffected in the two products, 48.32 % (47.75 %). Sensory evaluation results showed that SSD (SDD in brackets) had significantly (p < 0.05) higher scores in appearance 4.2 (3.4), taste 4.1 (3.15), flavour 4.5 (3.2) and consumers preference or acceptability 4.47 (3.63). Similar results were also shown by the consumers on the open market around the lake. Both products however, had no sign of dirt or filth. The SSD was, therefore, considered to be superior. Despite SSD good qualities, preference and availability, this study revealed that it could not match the sales volume of SDD on the local market due to its unfamiliarity and higher price. 
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INTRODUCTION
Lake Victoria is a very important fresh water, fish producing area in East Africa. The lake boarders Tanzania to the north, Kenya to the south-west and Uganda to the South-east. Lake Victoria has more than 290 fish species and among these are the small-sized species of fish, popularly known in East Africa as Dagaa (Rastrineobola argentea) [1, 2] . There are, however, considerable quality losses of these tiny fish as a result of the lack of modern fish processing and preservation methods [3] . In Tanzania, they are still processed and preserved by the traditional sun drying method [4, 5] .
Consumption of dagaa could be greatly enhanced if they were brought into the human diet using modern and improved preservation and processing methods. The dagaa has played a very important role in job creation, nutrition, income generation and food security, especially during the dry seasons when agricultural activities are reduced to a minimum [6] .
The current traditional method of sun-drying for preservation of dagaa in Tanzania is facing a lot of quality problems. High post-harvest losses are often experienced due to the rains in the fishing season. Sometimes the rainy season is prolonged, thereby preventing effective and quick drying [4] . Post harvest losses and product spoilage due to hydrolysis of fat and proteolysis of proteins are very common. As a result, the product has poor quality with a bitter and soapy taste, hence contributing to low acceptability and sales [5] .
Also the traditional method of drying the fish in the sun, on beaches, on grass or rocks, results in contamination of the product with foreign particles such as sand or filth [7] . Market rejection of poorly processed dagaa results in about 70 % of the total annual harvest, and this is diverted to production of animal feeds or used as baits for catching bigger fish, such as the nile perch [3] .
In Ghana, similar fish species are preserved by smoking [8] . Many people living close to the lakes in Tanzania do not believe that it is possible to smoke dagaa after spicing and salting, due to their small size that is delicate to handle [4] .
The use of spices and salt, including smoke-drying to preserve food, is well documented [5] . Spicing, salting and smoking of fish are the main factors that contribute to the relish and antimicrobial activity in dagaa. The use of locally available spices for smoked dagaa, no doubt enhances good flavour as well as reduces or masks the bitter and soapy taste experienced in sun dried dagaa. This process also increases its palatability and acceptability levels for sustainable socio-economic aspects such as job creation, income generation and nutrition for thousands of people living around the lake [6] . No studies have so far been successfully conducted to produce such spiced-smoked dagaa on the shores of Lake Victoria.
The objectives of this study were therefore, to evaluate the potential of producing spicedsmoked dagaa for all year-round supply and to determine its quality in terms of proximate composition, sensory properties and its palatability and acceptability to the local market. This would in turn control spoilage and increase potential dagaa availability and sales in Tanzania.
MATERIALS AND METHODS
Collection of samples
The dagaa (Rastrineobola argentea) samples used in this study were purchased fresh during the wet and dry seasons from Kijiweni landing station, 2 km away from Nyegezi Freshwater Fisheries Institute in Tanzania. The dagaa were transported to the Nyegezi Institute processing plant, where they were weighed, washed in chilled water and stored in a cold room before further study. The sizes of dagaa purchased for this study ranged from 4.2 cm to 6.3 cm with an average weight of 9.4 g. 'Chorkor Oven' for smoking was locally made and was similar to the ones used in Ghana [8] . Spices, salt and firewood were also purchased from the local market in Nyegezi, Tanzania.
Preparation of the SDD and SSD
Fresh dagaa from the cold room were processed using the procedure described by Dampher, Dobson and Kuziwa [5, 10, 11] . The dagaa for SDD were washed in chilled water and dipped into brine solution containing 2 % salt for 15 mins (Fig. 1a) . The dagaa for SSD (Fig 1b) , were washed in chilled water and dipped in brine solution containing 2 % salt and 0.5 % hot pepper for 15 minutes. Both samples were then removed from the solutions and were spread on wire mesh trays to remove excess water. The SDD dagaa were then placed in the sun to dry during the dry season, and in the shed in wet season, and took days to dry. The SSD dagaa were put onto the 'Chorkor Oven' with hot smoke at 70 0 C until they were smoked and dried. After drying, they were allowed to cool naturally to ambient temperatures of 23-25 0 C. The project was carried out for a period of two years with two seasons each. The SSD and SDD (1 kg each) were then transferred into plastic bags, sealed and labeled ready for distribution. Samples for analyses and acceptability trials were packaged and set aside. The samples for sensory evaluation were boiled before tasting.
Chemical analysis
Three samples each of sun-dried and spiced-smoked dagaa were analyzed for moisture, dry matter, ash, proteins and fat contents [12] . Moisture and dry matter contents were determined by the oven drying method while ash was determined using muffle furnace at 550 0 C for 3 h. Nitrogen was determined by the Kjeldahl method, and the crude protein was estimated by multiplying by a factor of 6.25. Crude fat content was determined by the Soxhlet Extraction method as described by James [13] .
Sensory Evaluation
The boiled samples of SSD and SDD were evaluated for appearance, taste, flavour and overall acceptability on a 5-point hedonic scale, where 5 was excellent, 3 good, and 1 poor. Ten students and staff from Nyegezi Fresh Water Fisheries Institute (Tanzania), familiar with dagaa and sensory evaluation constituted the panel. Necessary precautions were taken to prevent carry-over flavour during the tasting by ensuring that the panelists passed a piece of lemon fruit in their mouths after each stage of sensory evaluation. The samples were also presented to dagaa consumers sensory evaluation tests at the open market.
Statistical analysis
All data was subjected to analysis of variance (ANOVA) (completely randomized design). Mean values were compared at p < 0.05 significant level using Duncan's multiple range test [14, 15] . Figure 1a & 1b, show the steps used for the production of SDD and SSD along Lake Victoria in Tanzania, respectively. The processing of SSD was carried out throughout the year, regardless of the seasons, as it did not require the sun like SDD to produce. The SDD method was not very successful during the prolonged tropical rains in Tanzania as it took a long time to dry and the quality was affected. Large scale processing of dagaa for general market by the fishermen was not carried out during the rainy seasons for fear of spoilage. (Fig 1a) and SSD (Fig 1b) around Lake Victoria in Mwanza, Tanzania. 
RESULTS
Processing procedures
Proximate composition
The SSD lost a significantly higher (p < 0.05) amount of moisture (SDD in bracket), 1.81 % (2.40%), retained insignificantly higher dry matter 98.9 % (97.6 %) and had a significantly higher ash content 17.29 % (15.66 %) compared to the sun-dried dagaa (Table 1 ). There was no significant differences (p < 0.05) between the two products in terms of protein 48.32 % (47.75 %) and fat 14.86 % (14.06 %) contents.
Sensory evaluation results
The sensory score results of SSD (SDD in brackets) appearance were; 4.2 (3.4); taste 4.1 (3.15); flavour 4.5 (3.2) and acceptability 4.43 (3.63) and were significant higher (p < 0.5) in SSD than those given to SDD (Table 2) . No dirt or filth content was reported in both products. Spices which included hot pepper, hot smoke and salt changed the colour, taste and flavour of the SSD and masked the bitter and rancid taste experienced in SDD. The normal silvery colour of dagaa was changed to an attractive brownish colour which increased the SSD appeal and acceptability level. Similar sensory results were obtained from the general dagaa consumers at the open market.
DISCUSSION
The SSD method of preserving dagaa had a higher loss of moisture content and a significant increase in ash contents. Dry matter was marginally increased. The product resulted in higher palatability and acceptability. This quality was attributed to the combined processes of spicing, salting and smoke-drying, as was also observed by Donson [10] . Makene and Bhandary noted that high water activity (aw) in food products harbour spoilage microorganisms, and therefore, one way of improving shelf life of dagaa is by smoke-drying and salting [16, 17] . Smoke that is hot (70 0 C) can inactivate a number of spoilage microorganisms and enzymes and it also contains bactericidal compounds such as phenols, formaldehyde, formic acid, acetic acid, alcohol, carbonyls and hydrocarbons that can control the levels of spoilage microorganisms [10, 18] . Although the shelf-life of the SSD was not determined, the reduced water activity (aw), and presence of salt and bactericidal compounds, including the heat found in the smoke, could actually prolong the shelf-life of SSD further.
The production of SSD was carried out throughout the year, regardless of the rains, as it did not require the sun like SDD to dry. However, the SSD was more expensive to produce due to the cost incurred for purchasing spices, firewood and hiring of extra labour for smoking. The SDD method of processing was not very useful during the prolonged tropical rains that prevail in Tanzania. Prolonged rains delayed drying of dagaa and caused the SDD to become moldy and with a stale taste. It also increased the rate of proteolysis and lipolysis due to high water activity (aw), resulting in oxidized, rancid and bitter tastes, which gave SDD lower scores in the sensory evaluation.
The use of wire mesh racks or trays for dripping and drying purposes improved the acceptability and quality of both SSD and SDD tremendously. Thus, the contamination of the products with foreign bodies such as sand and filth particles was not possible as the wire trays were used instead of drying the dagaa on the ground. The acceptability scores of both SSD and SDD were greatly increased by cleanliness of the products.
Sensory evaluation scores for SSD were higher and the product was superior to SDD in appearance, taste, flavour and acceptability, as shown in Table 2 . Spices, which included hot pepper, salt and smoke, changed the colour of dagaa from silvery-dark to an attractive brownish colour. This increased taste, flavour and acceptability of the product and also masked the bitter and rancid taste experienced in SDD. The salt, heat, low water activity (aw) and the smoke could also extend the shelf life of SSD on the market. However, for infant formulations and for people with high blood pressure, who are sensitive to pepper and salt, dagaa could still be made in small scale for them but without the addition of hot pepper and salt. The process could be carried out during the dry season as the quantities would not be much.
When the SSD was tested on the market around the lake areas, the sales were lower compared to the SDD, as it was a new product to the community and that it was more expensive due to the cost of spices, firewood and labour for smoking.
CONCLUSION
The present study has shown that Rastrineobola argentea (dagaa) can be used, though tiny and delicate, to produce the SSD that is new, tasty and acceptable. The product can also be produced and made available throughout the year instead of on a seasonal basis. Spicedsmoked dagga was, however, more expensive, per kilogram, due to additional costs caused by the purchase of spices, firewood and hiring of extra labour for smoking. This was also observed when the product was displayed and tested on the open market. A significantly lower quantity of the SSD was purchased on a daily basis, compared to the SDD and the reasons given were as mentioned above including the unfamiliarity of the product to consumers. The SSD therefore, requires a lot of publicity and higher level of promotion to make consumers more aware of the existence of the new product, and its advantages over the SDD in terms of taste, flavour, colour, acceptability and its availability all-year round. For young consumers and patients of high blood pressure, dagaa can still be produced using both smoking and sun drying methods as long as salt and hot pepper are eliminated from the processing. 
